Excess molar volumes (V m E ) of binary liquid mixtures: xC 6 H 5 CH 3 + (1-x 1 )CH 3 CN or + (1-x 1 )C 6 H 5 NO 2 , or + (1-x 1 )C 2 H 5 NO 2 have been determined as a function of mole fraction of C 6 H 5 CH 3 (x) at a temperature of 303.15 K over a entire range of composition. The densities of the binary liquid mixtures were determined by pycnometrically. The V m E values of the mixtures have been found to be negative over the whole composition in order of C 6 H 5 CH 3 + C 6 H 5 NO 2 , < C 6 H 5 CH 3 + CH 3 CN, and < C 6 H 5 CH 3 + C 2 H 5 NO 2 . The negative magnitude of V m E suggests the presence of intermolecular interaction in the three binary liquid mixtures.
Introduction
For the past two decades, a considerable progress has been made in theoretical understanding of liquid-liquid binary mixture. Besides the theoretical importance, the knowledge of physicochemical properties of multi-components mixtures is indispensable for many chemical process industries. Examples are the petroleum, petrochemical etc. are commonly used in industries where physicochemical processes are involved to handle the mixtures of hydrocarbons, alcohols, aldehydes, ketones etc. Importantly, for accurate designing equipment it is necessary to know the interaction between the components of mixtures. Physicochemical analysis method can be used for getting sound information for a specific interaction between the components and the structure of the binary liquid mixtures. The thermodynamic studies of binary solutions have attracted much attention of scientists and experimental data on a number of systems are available from review and publications. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] In the framework of a research work, which aims to study the thermodynamic properties of binary liquid mixtures with different components. We also reported some works of binary mixtures. [13] [14] [15] [16] [17] [18] [19] This paper will describe the excess molar volumes of xC 6 H 5 CH 3 + (1-x 1 )CH 3 CN, or (1-x 1 )-C 6 H 5 NO 2 , or (1-x 1 )C 2 H 5 NO 2 in obtaining the interaction information of all the binary liquid mixtures. The components considered in the paper are C 6 H 5 CH 3 , CH 3 CN, C 6 H 5 NO 2 , and C 2 H 5 NO 2 at the temperature 303.15 K. This is a continuation of our previous investigation.
Experimental Section
Materials and Procedure. The toluene (purity 99.5%, Merck), acetonitrile (purity 99%, Fluka), nitrobenzene (purity 99.5%, Merck), and nitroethane (purity 99.5%, Metheson,) were used. The densities of the pure components and binary mixtures were measured by pycnometrically and were reported elsewhere. 15, 17 Special attention was given to avoid the evaporation of solutions after preparation. The purity of chemicals was checked by comparing with their densities with literature values, 20, 21 and obtained values gave a good agreement with reported values. 22 The comparative results are shown in Table 1 . The values of density of the chemicals at the working temperature are, however not available in the literature, we obtained those values at working temperature by plotting the reported values, and considering the density as a linear function of temperature.
The V m E of different binary mixtures were calculated from the measured values of the densities (ρ) of all the liquid binary mixtures using equation (1):
Where M 1 and M 2 represent the molar masses of components 1 and 2, respectively. The x 1 and x 2 are the mole fractions of 1 and 2 components having densities ρ 1 and ρ 2 , respectively. The ρ m is experimentally observed density of the binary liquid mixtures. All measurements were carried out in a thermostatically controlled and well-stirred water bath with a temperature accuracy of ± 0.01 o C, read on Beckmann thermometer. 
Results
The values of the parameter Aj, obtained by a least square method with all points, are summarized in the Table 2 along with each point of deviations. The parameters Aj and standard deviation are given in the Table 3 According to Fort and Moore, 24 a negative excess volume is an indication of strong heteromolecular interaction in the liquid mixtures and is attributed to charge-transfer, dipoledipole, dipole-induced-dipole interactions and hydrogen bonding between the unlike components, while a positive sign indicates a weak interaction and is attributed to depersive force (London forces), which are likely to be operative in every cases. The magnitudes of the contributions made by the different types of interactions will vary with the components and composition of the mixtures. In the present investigation, however, all the three mixtures gave negative magnitude of V m E , depict the presence of heteromolecular interac- The V m E (Figure 1 ) for C 6 H 5 CH 3 + CH 3 CN mixtures can be explained as (i) specific interaction between the unlike molecules, and (ii) geometric effect due to difference in molar volumes. In C 6 H 5 CH 3 + CH 3 CN mixture, C 6 H 5 CH 3 is a non-polar aprotic solvent, and the solvents that lies in the aprotic class are not effective in stabilizing the development of charge separation. The molecules of these liquids have small dipole moments and do not have protons capable of forming hydrogen bonding. 25 So in C 6 H 5 CH 3 molecule, there is a possibility of interaction between and systems. In valence bond theory, a special type of resonance called hyper-conjugation is used to describe the interaction. 25 In valence bond language, 'no bond' resonance structures are introduced to indicate this electronic interaction as shown below.
Due to this resonance, the negative charge on the methylene group of C 6 H 5 CH 3 molecule is stabilized, so that the hydrogen atom has a positive charge and in C 6 H 5 CH 3 + CH 3 CN mixture, there may be an interaction between hydrogen atom of the C 6 H 5 CH 3 molecule and nitrogen atom of the CH 3 CN. The interaction can be shown as follow;
The C 6 H 5 CH 3 molecule has an alternate bond system which overlaps to form a cloud of electrons located centrally above and below the ring, making it highly susceptible to interaction with electrophilic or electron deficient molecules. In C 6 H 5 CH 3 + CH 3 CN mixture, there would be dipoleinduced-dipole interaction between -CN group of acetonitrile and aromatic ring of toluene. The interaction is greater than the dispersive and dipole-dipole breaking interaction. A weak charge transfer complex may be formed due to the electron donor ability of the methyl group in C 6 H 5 CH 3 and weak electron acceptor ability of the CH 3 27 for bezonitrile + toluene. The V m E of (i) C 6 H 5 CH 3 + C 6 H 5 NO 2 and (ii) C 6 H 5 CH 3 + C 2 H 5 NO 2 systems can be explained in the terms of (i) specific interaction between the polar nitro-compounds and the aromatic ring which behaves as an electron donor and (ii) steric effect, respectively. Introduction of a methyl-group in the benzene ring would increase the liable nature of the electrons of the aromatic ring of toluene. 28 Therefore C 6 H 5 CH 3 would interact strongly with polar C 2 H 5 NO 2 molecules and result in decrease in volume of the mixture. Among the C 2 H 5 NO 2 and C 6 H 5 NO 2 molecules, the polarity of nitrobenzene is expected to be more than the nitro-ethane due to the replacement of electron releasing ethyl-group with a benzene ring and would be greater specific interaction in C 6 26 at 303.15 K. It was positive for ethylbenzene + nitroethane mixture at x 1 < 0.45 and negative for toluene + nitro-ethane system.
Conclusion
The negative magnitude of the V m E suggests the presence of a intermolecular interaction in all the three binary liquid mixtures and subsequently presumed that the weak electron donor acceptor interaction for C 6 H 5 CH 3 + CH 3 CN and the specific interaction between the polar nitro-group of the C 6 H 5 NO 2 and the C 2 H 5 NO 2 with the liable electrons of the aromatic ring behaved as an electron donor. The study also shows that the ability of interaction of the nitro-group of C 6 H 5 NO 2 with C 6 H 5 CH 3 is greater than that of the CN group of CH 3 CN with C 6 H 5 CH 3 and the NO 2 of C 2 H 5 NO 2 with C 6 H 5 CH 3 .
